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TONE AND ANNOUNCEMENT MESSAGE CODE 
GENERATOR FOR A TELEPHONIC SWITCHENG 

SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus and a method 
of selectively providing tone and announcement mes 
sage PCM codes to different channels of a telephonic 
network and, more particularly, to such a tone and 
announcement generating apparatus and method in 
which different preselected sequences of tones and an 
nouncement codes are selectivley provided to, and se 
lectively received from, a plurality of time division 
multiplexed channels associated with the generating 
apparatus. 

In telephonic switching networks, there is a need for 
automatic communication between the network control 
and the individual telephonic transceiving units. This 
communication takes two different forms of messages: 
tones and announcements. Tones are single, multiple, or 
alternating frequencies, and are continuous or intermit 
tent. Familiar examples of such tones include the busy 
tone, ring back tone, dial tone, and touch tones. The 
announcements are voice communications such as 
"Your call cannot be completed,' and "Calls are now 
being taken at . . . '. These tone and announcement 
messages have been stored in memory in the form of 
binary, pulse code modulated, or PCM, signals which 
may be referred to generically as message codes. The 
message codes comprise a series of binary words repre 
senting the amplitudes of a corresponding series of sam 
ples or segments of the tone or announcement. When 
these message codes are converted to analog form, they 
produce an audio signal convertible to sound by means 
of an electromagnetic speaker. 

In a time division multiplexing system, it is necessary 
to selectively provide these message codes to a plurality 
of different telephonic transceiving units respectively 
associated with a plurality of time slots or channels 
which compose a multi-channel time division multiplex 
ing frame. In the past, a separate ROM (Read Only 
Memory) has been provided for each multifrequency 
tone code, and the sample words have been read out 
simultaneously from all the ROM's, one word per frame 
per tone being read out and available during essentially 
the entire frame. To switch a tone to a desired destina 
tion in a switching network, the output of the tone of 
that ROM was sent into the switching network in the 
network time slot, or channel, associated with the de 
sired destination requiring such a tone. 

In U.S. Pat. No. 4,205,203 of Mehta et al., issued May 
27, 1980, to the predecessor in title of the assignee of this 
application, instead of the tone codes being made avail 
able during essentially the entire time interval, each 
multi-channel cycle, or frame, and switching each tone 
code sample into a channel time slot, or channel, the 
individual tone codes samples are made available only 
during the relatively short time slot, or channel, of each 
frame when the tone code is needed. Command signals 
received asynchronously from a central control unit 
results in the outputing of any desired one of many 
tones in any desired one of the several time slots within 
the recurring cycles, or frames. In addition, a predeter 
mined selection of certain "fixed tones" is provided. 
These are always outputed in preassigned time slots of 
every frame, while other tones are selectively switched 
into the remainder of the time slots or channels. Opera 
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2 
tional sound samples held in a main memory at succes 
sive address locations are selected by applying, during 
one time slot of one cycle, address signals read out of a 
certain location of a next-sample read/write memory 
and, thereafter, inserting into that certain location, new 
signals which are incremented or decremented by one 
in relation to those previously existing, and writing out 
the new address signals during the same time slot of the 
ensuing cycle. 
While this tone generator operated satisfactorily, 

there were some disadvantages. No provision was made 
for handling any message codes other than tone codes. 
There was no capability of providing announcement 
message codes for voice communications. Flexibility 
was limited because all message codes of a given se 
quence had to be stored in consecutive address loca 
tions because only identification codes were stored. The 
remaining addresses had to be derived from the address 
for the first sample of the tone sequence. 

Limitations were also present. Since the tone codes 
were preferably stored in read only memories, there 
was no ability of reprogramming the tone code memory 
via the telephonic network, and of course, there was no 
message recording capability. Moreover, the tone codes 
could not be down loaded into the tone code memory 
from a central tone code memory, and thus, a change of 
tones required a change read only memories. In addi 
tion, periodic tone signals were generated by storing 
only the tone portion and then periodically gating the 
PCM codes of the tone in accordance with a prese 
lected duty cycle memory. Accordingly, the stored 
PCM signals had to be given special treatment as com 
pared to the PCM codes of other tones which also re 
duced system flexibility. 

SUMMARY OF THE INVENTION 

It is therefore the principal objective of the present 
invention to provide an apparatus for generating tone 
and announcement message codes for a telephone 
switching network and method which overcomes the 
aforementioned disadvantages and limitations of known 
tone and announcement generators and generating 
methods. 

This objective is achieved in part through provision 
of an apparatus and method of selectively providing 
tone and announcement message PCM codes to the 
different channels of a multichannel telephonic switch 
ing network in which a large repertoire of preselected 
tones and announcements is stored and available upon 
request for playback to any one of the transceiving units 
of the network, such as handsets, facsimile machines 
and computer interface modems. Selectively, in accor 
dance with asynchronous control signals from a con 
troller, the controller is responsive to the status or con 
dition of the multiple channels to automatically select 
the appropriate tones and announcements to be pro 
vided to each of the channels. Advantageously, in order 
to obtain maximum storage efficiency, the various tones 
and announcements are stored in the same memory, and 
in any selective order, and each tone or announcement 
can be of any selected duration within limits and can be 
combined in any selected combination for playback. 
The same tone or announcement may be provided si 
multaneously to any combination of channels or even 
all channels on a time division multiplexing basis with 
out limitation, so maximum utility is achieved. Periodic 
tone signals are stored in their entirety along with duty 
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cycle information to eliminate separate storing of duty 
cycle information and special treatment of periodic tone 
signals as compared to other tones and announcements 
to increase flexibility. 
Another advantageous aspect of the invention is pro 

vision of means and a method for enabling a tone and 
announcement message code memory to receive and 
record PCM code formatted audio signals from selected 
ones of the plurality of channels for later playback. 

In addition, provision is also made to enable down 
loading of PCM message codes from a central memory 
unit of the telephone switching network. Likewise, 
means and a method are provided for up loading mes 
sages stored in the tone and announcement message 
code generating apparatus to the central memory unit. 
These advantageous features are achieved in the tone 

and message announcement message code generating 
apparatus of the present invention by providing it with 
means for storing the message codes in a message mem 
ory at addressable memory locations therein, means for 
temporarily storing a sequence of addresses of selected 
ones of the addressable memory locations for each 
channel of said multichanneled telephonic switching 
network and means for selectively, sequentially writing 
out the message codes at the addressable locations of 
said sequence of addresses of each of said channels to 
the telephonic network during a succession of time slots 
of said channels, respectively, and a method of utilizing 
these elements of the apparatus to generate andy combi 
nation of tone and message codes on any or all of the 
plurality of time division multiplexing channels. 

In a preferred embodiment of the invention, the tone 
and announcement message code generating apparatus 
comprises a message memory, a multichanneled inter 
face circuit, a share memory, a controller and a se 
quencer, or state machine. The message memory stores 
a repertoire of PCM encoded tone and announcement 
messages, respectively, at a plurality of addressable 
message memory locations. The multichanneled inter 
face circuit interconnects the message memory with the 
telephonic switching system, and a share memory stores 
identification codes for selected ones of said plurality of 
message memory locations for each of a plurality of 
time slot channels. The controller issues command sig 
nals with respect to each of the time slot channels in 
response to a central computer of the telephonic net 
work. The sequencer is responsive to the controller for 
selectively causing the message memory to successively 
read out through the multichanneled interface circuit 
the plurality of messages at said selected ones of the 
plurality of addressable memory locations for each of 
said time slot channels in accordance with a command 
signal directing it to do so. 
One of the objects of the invention is also achieved 

through provision of a tone and announcement message 
code generating apparatus comprising a message men 
ory, a multichanneled interface circuit and means for 
controlling the message memory for storing messages 
form a selected channel of the telephonic switching 
network. The message memory stores a plurality of 
PCM encoded announcement messages at a plurality of 
addressable memory locations, and the multichanneled 
interface circuit interconnects the message memory 
with a plurality of channels of the telephonic network. 
The controlling means controls the message memory to 
store a selected PCM encoded announcement received 
through the telephonic interface circuit from a selected 
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channel of the telephonic network at selected ones of 
the plurality of memory locations. 
A further object of the invention is achieved through 

provision of an apparatus for generating tone message 
codes for a telephonic switching network comprising a 
local tone message memory, a multichanneled interface 
circuit and means for controlling the tone message 
memory for down loading PCM encoded messages 
from a central memory of the telephonic switching 
network. The local tone message memory stores a plu 
rality of PCM encoded tone messages at a plurality of 
addressable memory locations, and the multichanneled 
interface circuit interconnects the message memory 
with a central tone memory of the telephonic switching 
network. The controlling means controls the tone mes 
sage memory for sown loading PCM encoded tone 
messages from the central tone memory of the tele 
phonic switching network at selected addressable mem 
ory locations of the tone message memory. 
The objective is also obtained by provision of a 

method of selectively providing PCM codes for a plu 
rality of tones and announcements to a plurality of dif 
ferent time division multiplexing channels of a multi 
channel telephonic switching network having a central 

5 control computer. The steps of the method first include 
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the step of storing the message memory to plurality of 
tones and announcements in a message memory to ad 
dressable memory locations therein. A representation of 
a sequence of addresses of selected ones of the address 
able memory locations for each channel of said multi 
channel telephonic switching network is temporarily 
stored in a reprogrammable memory in response to 
asynchronous command signals form said central con 
trol computer. Different command signals cause tempo 
rary storage of representations of different tones and 
announcements. The message codes at the addressable 
memory locations of said sequence of addresses are then 
selectively seqentially written out to each of the chan 
nels of the telephonic network during a succession of 
time slots of said channels, respectively. 
The objective of the invention is also achieved in part 

through provision of a method of generating a periodic 
tone signal for a telephonic switching network in which 
both the tone portion and the silent, or nontone, portion 
of the periodic signal are stored at the same addressable 
memory location to facilitate flexibility. This method 
includes the steps of storing in PCM code a plural num 
ber of cycles of the tone corresponding to a preselected 
time period of periodic tone generation of the periodic 
tone signal at a preselected periodic tone memory loca 
tion of a memory, storing a plural number of PCM 
codes representative of substantially zero amplitude 
corresponding to a preselected time period of periodic 
silence of the periodic tone signal adjacent to the PCM 
codes of the plural number of cycles of tone at the 
preselected periodic tone memory location, said PCM 
codes of plural cycles of tone together with the PCM 
codes of substantially zero amplitude forming at least 
one complete period of the periodic tone signal, and 
selectively reading the PCM codes of the periodic tone 
signal in response to a command signal from the tele 
phonic switching network for producing an audible 
period tone signal. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing objects, features and advantages will 

be described in greater detail and other advantageous 
features of the invention will be made apparent from the 



5,127,004 
5 

following detailed description of the preferred embodi 
ment which is given with reference to the several fig 
ures of the drawing, in which: 
FIG. 1 is a general functional block diagram of the 

preferred embodiment of the tone and announcement 
message code generating apparatus, or message code 
generator, of the present invention shown as connected 
with a telephonic switching network; 
FIG. 2 is a partially schematic diagram of a digital 

auto source, or DAS, circuit which is a preferred imple 
mentation of the message code generator shown in 
functional block form in FIG. 1; 
FIG. 3 is a block diagram, showing the positional 

interface between the DAS circuit or message code 
generator circuit of FIG. 2, and a subsystem of a tele 
phonic switching network in which it is preferably 
employed; 

FIG. 4 is a logic flow diagram of the memory se 
quence of FIG. 2; 

FIG. 5 is a block diagram of a software interface 
programming model for the microprocessor of the con 
troller in which blocks of relatively small size communi 
cate in eight bit word format while the relative larger 
functional boxes communicate in a sixteen bit word 
format; 

FIG. 6 shows the bitwise control information of each 
byte of control information prescribed for each channel 
in the message control-report register of FIG. 5; 
FIG. 7 is a table showing the order of down loading 

of message address data into the share memory from 
which messages of different length are assembled; 
FIG. 8 is a simplified flow chart of the main computer 

program routines required in the microprocessor of 
FIG. 5; 
FIG. 9A illustrates the form of each command signal 

from the Controller of FIG. 1; 
FIG.9B is a table showing the different type of con 

trol commands from the Controller of FIG. ; 
FIG. 9C is a table showing a minimum set of record 

ing commands from the Controller of FIG. 1; 
FIG. 10A shows the form of the status report signals 

sent by the message code generating apparatus to the 
central controller of the network; m 
FIG. 10B is a table showing the different kinds of 

status reports which are provided; 
FIG. 11A is a functional block diagram of the se 

quencer block of FIG. 2; 
FIG. 11B is a timing chart for the operation of the 

sequencer kernel of FIG. 11A; 
FIG. 11C is a functional block diagram of the control 

kernel block of FIG. 11A; 
FIG. 11D is a functional block diagram of the mes 

sage pointer block of FIG. 11A; 
FIG. 11E is a functional block diagram of the Ad 

dress Pointer block of FIG. 11A; 
FIG. 11F is a functional block diagram of the DRAM 

sequencer block of FIG. 11A; 
FIG. 11G is a comparative timing chart for access to 

the DRAM SEC of FIG. 11F; 
FIG. 12 is a functional block diagram of the DAS 10"; 
FIG. 13 is a functional memory map of the 68000 

microprocessor of FIG. 2; 
FIG. 14 is a memory map for the EPROM's SRAM's 

and control register of the DAS of FIG. 2; 
FIG. 15 is a memory map for the address pointer dual 

port RAM of FIG. 2; 
FIG. 16 is a memory map for the control dual port 

RAM, or command share memory, of FIG. 2; 
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6 
FIG. 17 is a memory table for the write protection 

memory; 
FIG. 18 is a memory map for the NLI and control 

register memory; 
FIG. 19 is a map of the DRAM memory; 
FIG. 20 shows the timing for the NLI interface of 

FIG. 2; 
FIG. 21 shows the interlace timing for the NLI of 

FIG. 2; 
FIG. 22 is a table showing the timing specifications 

and limits for various elements of the message code 
generating apparatus of FIG. 2; 
FIG. 23 is a table listing initialization procedures for 

the NLI of FIG. 2; 
FIG.24 is a table of the initialization procedures of an 

82C55 peripheral device; 
FIG. 25 is a table of the addreses of the various 

PROMS of the sequencer of FIG. 2; 
FIG. 26 shows the specification for the timing of the 

NLI of FIG. 2; 
FIG. 27 is a list of the sequencer PROM control 

signals of the message DPRAM sequencer of FIG. 2; 
FIG. 28 is a list of the sequencer PROM control 

signals of the address DPRAM sequencer; 
FIG. 29 is a listing of the control signals of the 

DRAM Controller of FIG. 2; and 
FIG. 30 is a listing of the control signals of the NLI 

of FIG. 2. 

DETAILED DESCRIPTION 

Referring now to the drawing, particularly FIG. 1, 
the preferred embodiment of the tone and announce 
ment message code generating apparatus, or message 
code generator 10 is seen as connected with multiple 
channels of a telephonic switching system 12 through 
means of asynchronous, time division multiplexing, 
serial, two-way link 14. The message code generator 10 
has a message memory 16 which contains a repertoire of 
PCM encoded tone and PCM encoded announcement 
messages located at a plurality of addressable message 
memory locations. The repertoire preferably provides 
all the tones and announcement needs for an automatic 
call distribution by the telephonic switching network 12 
and includes all multifrequency, or MF, tones; all dual 
tone, multiplexing, or DTMF, tones; call progress and 
signaling tones and all origin, delay and intercept an 
nouncements. In addition, in keeping with one of the 
objectives of the invention, customer created messages 
can be directly recorded into the message memory for 
use by the telephonic switching system 12. 

In keeping with another important aspect of the in 
vention, all the tones, customer messages and announce 
ments can be stored in any of the addressable memory 
locations of the message memory 16 in any order de 
sired to optimize flexilibity. Although certain tones or 
announcements can be assigned to preselected memory 
locations, dedication of particular locations for certain 
tones or announcements is not required. Advanta 
geously, stored tones, customer messages and an 
nouncements are processed using a uniform process for 
both inputting and outputting. 

Accordingly, the PCM codes whether causing tone, 
customer message or announcements are generally re 
ferred to herein simply as message codes. As an exten 
sion of this general approach, this flexibility is enhanced 
and one of the objectives of the invention is achieved by 
storing both the tone generation period and the silent 
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period together at a single memory location to form the 
full period of a periodic tone signal. 

Generally, the message memory can store and oper 
ate up to a preselected number of messages (i.e. tones, 
customer messages or announcements) onto another 
plural number of time division multiplexing channels. 
Each of the message units can be concatenated in any 
order at any multiple time length on any channel and 
can be transmitted to any one or all channels at once, as 
desired, under program control. In the other direction, 
customers voice messages can be recorded by the mes 
sage memory 16 for later use or for up loading to a 
central memory 12B associated with a higher order, 
central controller 12A of the telephonic switching sys 
tem 12. On the other hand, the entire repertoire can be 
down loaded from the central memory 12B. 
The remaining elements of the message code genera 

tor 10 includes a unique combination of a controller 18, 
share memory 20 and sequencer, or state machine 22 for 
controlling communication between the message mem 
ory 16 and the telephonic switching system 12 through 
a serial interface 24 in response to command signals 
from the central controller 12A. 
The controller 18 includes a microprocessor and its 

associated memories for on board self diagnostics and 
communications with the higher level controller 12A of 
the system 12. This controller interfaces directly with 
the dual port, or share memory 20 for setting up a mes 
sage pointer table with each address representing a 
message ID. These message pointers control the actual 
address of each digital tone in PCM form stored in the 
message memory 16. A command share memory 20B of 
share memory block 20 is also accessed by the control 
ler 18 issuing commands and reading back the process 
ing status from the state machine 22. The controller 18 
also down loads PCM tones data to the message mem 
ory 16 section using the commands from, and reports all 
message status to, the central controller 12A through 
the interface 24. 
The state machine, or sequencer, 22 is a dedicated 

hardware logic circuit including a ROM, an address 
comparitor, an address incrementing and interface cir 
cuits and circuits ancillary thereto. It generates the 
appropriate control signals to the message memory 16 
to process a message. The state machine 22 interfaces 
directly with the share memory 20, with which also 
interfaces the controller 18, and executes the commands 
sent by the controller through the share memory 20. 
During each cycle of the state machine, the state ma 
chine increments the channel counts, monitors the mes 
sage ending point and reports any success or failure 
during a message processing to the controller 18. If a 
message is within a specified range of locations, a PCM 
tone associated with that pointer location is transmitted 
to a selected channel in the serial interface 24. In addi 
tion to interfacing with the message pointer table, the 
state machine 22 also periodically monitors requests 
from the controller 18 in the command portion of share 
memory block 20, immediately updates the tone re 
quests and reports the message processing status to the 
controller 18. 
The dual port, or share, memory block 20 includes 

two dual port memories that can be asynchronously 
assessed by both the controller 18 and the state machine 
22: a message share memory 20A and a command share 
memory 20B. An arbitration logic is preferably built 
into these devices to resolve contention if it should 
occur. The message share memory 20A contains the 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

8 
addresses of the PCM message data, while the addresses 
of share memory 20A preferably comprise the message 
IDs, themselves. The command share memory 20B 
contains the status from each channel and the com 
mands issued by the controller 18 and the addresses of 
the command memory 20B correspond to the channels 
to which the commands for each channel are directed. 

Referring now to FIG. 2, the functional block dia 
gram of message code generator 10 of FIG. 1 is imple 
mented as digital audio source circuit, or DAS, 10'. The 
DAS 10' is preferably located in a network termination 
subsystem 26 of a network subsystem 28 which, in turn, 
is connected with an SBX bus 30 of a control subsystem, 
shown in FIG. 3. Communication of the DAS 10' with 
the central controller 12A and central memory 12B (not 
shown) of the telephonic switching system 12 is 
through means of the SBX bus 30. Still referring to 
FIG. 3, the control subsystem of bus 30 is preferably a 
68020/68030 microprocessor based multiprocessor, dis 
tributed processing system which is capable of either 
simplex or duplex operation. The network subsystem 28 
consists of a system clock, or CLK, 32 and four interac 
tive switching/control modes, each comprising a single 
stage, nonblocking, 772 channel time slot interchanger, 
or TSI, 34. 768 of these channels are broken down into 
32 groups of 24 channels for interface over high speed 
serial interfaces known as network links to circuits in 
cluding the DAS 10" of the network termination subsys 
tem 26. A network shelf controller, or NSC, circuit 36 
connected to the TSI 34 has a 6800 microprocessor with 
two Mbytes of DRAM to provide processing capability 
of signaling activity on the 768 channels of each switch 
mode. Within the NSC circuit 36, the 768 channel paral 
lel time division multiplexing, or TDM, bus to and from 
the TSI circuit (not shown) is multiplexed into the 
thirty-two 24 channel 3.088 MHz serial links, or net 
work links, to and from the network termination subsys 
tem. 26. The TSI circuit provides access to higher level 
processing for itself and the NSC circuit via an SBX 
interface 30 to an SBX circuit residing on a control 
subsystem secondry bus. The control memory 12B and 
central controller 12A are loaded via this secondary 
bus. 
The other circuits which form the network termina 

tion subsystem 26 in addition to the DAS circuit 10' 
include a basic rate line, or BRL, circuit 38; a primary 
rate interface, or PRI, 40; one or more DSl port circuits 
42; and a digital signal processing, or DSP, circuit 44. 
The BRL circuit provides system access to agent and 
supervisor consoles which the PRI circuit 40 provides 
termination of the twenty-fourth 64 Kbit channel of the 
TI digital trunk and also has all the fetures of a DS1 
Port Circuit 42. The DSa Port circuit 42 provides digi 
tal T1 trunk access into the system. PCM channels are 
appropriately formatted and delivered to a DS1 trans 
mit line 46. Incoming information from the DS1 link 46 
are recovered, buffered and delivered to network links 
for access to the network. The digital signal processing 
circuit 44 provides three separate TMS320C25 digital 
signal processor based circuits for each accessing eight 
of the twenty-four system channels that the DSP circuit 
44 accesses over its link into the network. The DSP 44 
processor receives functions for MF and DTMF and 
can also be used for tone metering functions in system 
diagnostics. 

Referring now particularly to FIG. 2, the DAS cir 
cuit embodiment of the message code generator of 
FIGS. 1 and 2 includes as the controller 18 a 68000 
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microprocessor 18' operating from a 10 MHz clock 46 
and provides the overall controlling functions of the 
DAS circuit 10'. The microprocessor communicates 
with higher level call processors over one of two, links 
or, optionally, from network links interface circuits 48 5 
which perform the function of serial interface 24 of 
FIG. 1. The microprocessor 45 interprets commands 
for message number, channel assignment, single mes 
sage or repeat, concatenation with other messages, etc. 
and provides corresponding control information to a 10 
memory sequencer 50 through a dual port RAM, or 
DPRAM, 52 interface to accomplish the command. 
The DPRAM 52 performs the functions of the share 
memory 20 of FIG. 1. 
An EPROM 54 of 64 Kbytes provides basic start up 15 

diagnostic capability and a bootloader. Functional code 
for the DAS 10' is down loaded into a static RAM 56 
for execution having 64 Kbytes of memory expandable 
to 128 Kbytes to allow flexible function upgrades. 
Memory protection logic is preferably provided for 20 
write protection of the RAM code space and allows 
diagnostic software to monitor for unwarranted writes 
to protected memory. A single network link interface 
48 provides 24 PCM channels, a 768 Kbit communica 
tion link, and a system clock and sync signals to the 25 
DAS circuit 10' from the NSC circuit 36 of FIG. 2. 
The message memory 16 of FIG. 1 is implemented 

with a two or eight Mbyte message DRAM 58 repre 
senting four or sixteen minutes of memory. Preferably, 
the message DRAM 58 is preferably comprised of a 30 
plurality of single 1 Mbit DRAM devices for maximum 
density and employs conventional DRAM control and 
refresh logic from DRAM controller 59. The message 
DRAM 58 is controlled by the memory sequencer 50 in 
order to provide its information over parallel TDM 35 
buses 60 into the network link interface circuits 48. In 
keeping with an important aspect of the invention, the 
contents of the message DRAM 58 can be loaded by the 
microprocessor 45 from down loaded files or input 
directly from the network link interface PCM channels 40 
for user defined messages. 
As noted above, the message memory sequencer 50 

receives its asynchronous command inputs from the 
microprocessor 45 through the buffered interface pro 
vided by DPRAM 52. The memory sequencer 50 ac- 45 
cesses the DPRAM for control information that tells it 
logically what to do next. Information for each se 
quenced channel, such as "beginning address', and 
"ending address', is written by the microprocessor 45 
into the DPRAM 52, and the memory sequencer 50 50 
maintains its own "active address' pointer in the 
DPRAM 52. "Current” and "next' message pointers 
are given to the sequencer 50 as well as control informa 
tion for repeat functions and read/write for recording. 
The memory sequencer 50 preferably operates in accor- 55 
dance with the logic flow diagram of FIG. 4. The mi 
croprocessor 45, FIG. 2, operates in accordance with 
primatives, pseudocodes and program listing of Appen 
dix A. 

Referring now to the remaining drawings, the opera- 60 
tion of DAS circuit 10' of FIG. 2 in its various modes of 
operation will be described in detail. 

Preferably, DAS 10' is designed to source up to 256 
messages of randon length to up to 96 time slot chan 
nels. The messages can be repetitive or not, but the total 65 
message storage time is 240 seconds. Optional addi 
tional memory will allow up to approximately another 
twelve minutes of recording time to be accessed. 

10 
The command from the central controller, or control 

complex, 12A as it arrives at the 68000 microprocessor 
45 contains a channel number and a sequence of an 
nouncement numbers. The DAS 10' will automatically 
begin each digit when the preceding one is through. 
The microprocessor 45 can respond to a request to 
automatically repeat an announcement until a computer 
command is received or to a request to switch from one 
announcement to another. Since all messages are 
treated the same, origin, delay, and intercept announce 
ments are handled identically. Software in the central 
controller 12A is free to set up a special configuration 
for each separate application and installation environ 
ment, but a few examples will be provided. For illustra 
tion however, typical scenarios are described below for 
the three types of announcements. 

In a typical automatic call distribution (ACD) appli 
cation the DAS 10' will output up to thirty simulta 
neous city origin announcements into 30 dedicated time 
slots. The origin announcements can be any length, but 
might be exactly one second long. A particular call can 
then be connected to the origin announcement asyn 
chronously for two seconds. As an alternative, each 
origin announcement can be provided on a demand 
basis with connection of the announcement to an out 
bound time slot only when needed. 
The announcement repertoire is downloaded into the 

message DRAM 58 during initialization, subject only to 
the size of the DRAM 58 and a limit of 256 announce 
ments. A typical ACD system might have five, simulta 
neous, double phase, delay announcements output on 
ten different channels. In such a case, each call is con 
nected by the microprocessor 45 to the correct an 
nouncement during successive cycles. Alternatively, 
certain announcements to certain channels are provided 
on demand. 

In a typical PBX application (even for an ACD), the 
DAS 10' would store thirty 5-second intercept an 
nouncements or fragments. Advantageously, the micro 
processor 45 can cause these to be concatenated with 
other fragments or tones in any order. For example, a 
tritone, then a series of fragments and then a postscript 
called, to produce a very personal and specific intercept 
announcement. Some fragments that could be stored 
would include the voice reciting of digits 1 through 0, 
and a pause. For example, the following intercept an 
nouncement could be assembled by the central control 
ler 12A and output by the DAS 10": tri-tone, "The num 
ber you have dialed", "960', pause, "8653", "is not in 
service.” pause, "Calls are being taken by', "8686". 
Alternatively, while a caller is waiting, he could be 
presented with a choice of information announcements 
by dialing or punching in the correct digit on his phone 
and thereby define his own intercept announcement. 
The DAS 10" is able to be programmed to provide 

voice recording and editing for message composition. If 
the source is a telephone, an editing session could be as 
follows: The user dials a certain phone number which 
tells the central controller 12A that a request for editing 
is being made. The user must then key in a password on 
the phone keypad or from a control console terminal. 
The central controller 12A then directs the time slot 
interchanger 34 to route the message from the phone to 
the a DAS 10' which has been appropriately pro 
grammed and will also attach a DTMF detector to the 
phone line and monitor it for control information. Soft 
ware in the central controller 12A will interpret the 
received digits as functions; such as record, stop, re 



5,127,004 
11 

wind, playback, and end session. The central controller 
12A will convert these functions into commands and 
send them to the DAS 10" to perform these functions. 
The DAS 10' will respond to these commands such as 
record, stop, rewind, playback. The user can re-record 
all or part of the message several times and thereby edit 
the message until the user is satisfied. 
A recording session is concluded when the user sig 

nals the central controller, or control complex 12A, that 
the message is complete and should be remembered. 
The control complex 12A then sends a control code to 
the DAS 10' to begin uploading the new message to the 
control memory 12B. The DAS 10" begins up loading 
the complete message via the serial bus 14. The user 
then tells the control complex 12A an assigned message 
number and the complex asks the user if the current 
message should overwrite a previous message stored 
under that message number, if one exists. The messages 
could also be identified and stored by names for the 
users in the hard disk of the control complex 12A. Thus, 
a much larger repertoire could be stored on the hard 
disk at any given time than would be down loaded to 
the DAS 10'. As a user came to the system, the various 
segments or messages could be listened to before decid 
ing which one she really wants to update. 
Once a user finally decides to install a certain mes 

sage, an instruction is provided to the control complex 
12A to install the selected message number into the 
system. The central controller 12A then prompts the 
user for various necessary information. The central 
controller then rearranges a new repertoire and header 
information such as location and length. This new file is 
then down loaded to a selected DAS 10'. 

If a second, or backup, DAS 10" was chosen for the 
new repertoire, it can be gradually turned on as the 
DAS 10" with the old repertoire is deactivated. Since 
any individual channel can be trisated, the switchover 
can proceed without interruption to the customer. Once 
the switch over is complete, the central controller 12A 
can either treat the original as the backup DAS 10" or 
also down load the repertoire to the original DAS 10" 
and then switch in as the main unit. 
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Thus, the DAS 10' has functional features, as follows: 
(1) Continuous tone plant generation, (2) switched tone 
generation, (3) delay announcements, (4) origin an 
nouncements, (5) easy recording of new announce 
ments, (6) concatenation of message segments, (7) entire 
function and message repertoire is system down load 
able, (8) up to four minutes of message time on the main 
DAS 10" with up to sixteen minutes with optional add 
on memory, and (9) connectable to 48 or 96 channels. 
These will be described in greater detail below. 
The entire repertorire is down loaded during initial 

ization along with a logical/tone conversion table. The 
tones are treated exactly like messages to the DAS 10". 
Each tone segment contains the entire period of the 
wave, including quiet time, if any. If a tone has no quiet 
time associated with it, it is is at least sixteen millisec 
onds long, which is the minimum time to describe the 
tone. The entire repertoire can be changed, increased, 
or decreased by down loading from the control com 
plex 12A. The downloading process fills the entire card 
with tones and/or messages in any combination up to a 
maximum of 256 messages. 

45 
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The DAS 10" communicates with the network shelf 65 
controller (NSC) 36 through a maximum of four serial 
links interface circuits 48. PCM samples are sourced by 
the DAS card, transmitted on the serial links 48 at the 

12 
network shelf controller 36 and distributed via the time 
slot interchanger 34, where they may be sent to a single 
channel or broadcast to many. The software interface 
referred to herein refers to the interface that the 68000 
microprocessor 45 sees when it looks at the hardware 
on the card. Where appropriate, some of the actual 
algorithms are illustrated. 
The 68000 microprocessor 45 is connected to all the 

resources of the DAS 10" as shown in the software 
interface programming model of FIG. 5 which shows 
by relative size which are the eight bit wide locations 
and which are sixteen bit wide locations, so that the 
appropriate read/write access can be coded. 
Upon initialization, the NLI circuits 48 will clear all 

of their registers and the 68000 microprocessor 45 will 
reset its peripherals and begin executing from its reset 
vector address. The 68000 microprocessor 45 must then 
program the desired channel numbers into the position 
registers of the NLI circuits 48 and reports to the NSC 
circuit 36 via the serial links. The NSC circuit 36 con 
stantly polls the serial links, receives the message from 
the DAS 10; and starts establishing communication. 
A quiet tone function code should be loaded into both 

the next message pointer table 62 and the current mes 
sage pointer table 64 for each of the 96 channels. The 
sequential-read status should be set up in the message 
control-report register table 66 for all 96 channels. A 
loop is begun which assures that all 96 channels of the 
message control report register 66 will be looked at at 
least once every twelve milliseconds. The select regis 
ters of the NLI circuits 48 should initially be set to 
tri-state all the channels for now. 
The 68000 microprocessor 45 then performs self diag 

nostic tests and when completed, sets the LED status 
indication (not shown) by writing to the appropriate 
LED port via the LED'ed control register 68. The 
68000 microprocessor 45 then tells the control complex 
12A that it is available and awaits instructions. 
The message control report register table 66 is made 

up of 96 bytes of control information corresponding to 
the 96 channels. Each byte contains bit wise control 
information of the form shown in FIG. 6. 
The abort request bit D6 causes the sequencer 50 to 

advance the next message pointer 62 to the current 
message pointer table 64 the next time that it services 
that particular channel. This is necessary at the begin 
ning to initialize all channels with desired messages. If 
this is not set, then the next message pointer 62 will be 
advanced when the next end of message is detected by 
the address comparator. The abort request signal will 
then be cleared by the sequencer. 
The end of message report bit reports to the 68000 

microprocessor 45 when the end of message is detected 
by the address comparator. EOM report, when set high, 
indicates that the end of a current message has been 
reached and the message in the queue or next message 
pointer 62 has been transferred to the current message 
pointer 64 and is being processed by the sequencer 50. 
Since the hardware will have advanced the next mes 
sage pointer 62 to the current message pointer table 64, 
it means that the hardward is working on the last mes 
sage. The 68000 microprocessor 45 must then supply 
the next message pointer 62 with the next message from 
its queue or put a quiet tone to end the message. Since 
the shortest message is about thirteen milliseconds, the 
68000 microprocessor 45 has about thirteen millisec 
onds to update that next pointer in the message DRAM 
58. 
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The play/read NOT bit D5 tells the sequencer 50 
whether the channel is set for reading from the NLI 48 
to the message DRAM 58 or writing from the message 
DRAM 58 to the NLI 48. For almost all channels this 
bit 70 will be set for writing to the NLI 48, except for 
the channel (or channels) selected for recording. 
The error report bit D1 is set high when an address 

comparator detects that the active address is greater 
than the end address of this particular channel which 
could be due to an error in the message number, the 
address pointer or the end address for that message 
number. The sequencer 50 will take no other action and 
will continue possibly outputing incorrect PCM mes 
sage data out on this channel. It is up to the 68000 mi 
croprocessor to check the message pointer ram and 
address pointer ran to pinpoint the problem and turn 
off that channel's output, if necessary. 

BitD2 to D7 are always at high logic when read back 
from the message control-report register 66. 
An LED port of the control register 66 contains 

latches and drivers which remain in the state that was 
last written to them. This port is readable to check the 
current register status. The LED bits, red, green, yell 
low, when set low will turn a corresponding LED (not 
shown) on. Upon power up, all three LEDs should be 
lit. A test bit of the LED port is reserved for factory 
frame tests, and a bus error disable bit, when set low, 
will override write protection bus error circuitry, so 
means that the processor can write to protected mem 
ory areas without causing bus error. However, a bus 
error timer is still activated for incomplete memory 
cycles. Upon power up, this bit is cleared. A TL23EN 
bit is used to enable the two optional network link cir 
cuits 48, FIG. 2. This bit when set will allow a full 96 
channels capability. Upon power up this bit is cleared 
and defaulted to only two primary link 0 and 1. A se 
quencer on bit when set high, will allow the sequencer 
50 to access the message DRAMs 58 interleaving with 
the processor. Upon power up, this bit is cleared. A 
DRAM lock bit, when set high, will disable the micro 
processor 45 to access all message DRAMs 58. An 
access violation would result in incomplete memory 
cycle and a bus error cycle will be asserted. Upon 
power up, this bit is cleared. 
The front panel has three LEDs 70, FIG. 2, which 

indicate status of the DAS 10" for diagnostic purposes. 
A greeN in service light indicates that the card has 
established contact with the NSC 36, FIG. 2, on the 
serial link and that at least one channel time slot is being 
written to or read from on the serial interface chip. A 
red LED indicates an error occurred that affects the 
card function and the 68000 microprocessor 45 is unable 
to recover from the error. A yellow light indicates a 
fault of the DAS 10' has been detected and the 68000 
microprocessor 45 is in the process of recovering from 
the fault. 
The software program ROMs 72, FIG. 5, of the DAS 

10' performs overall control and communications and 
maintenance functions. The software section referred to 
herein is the section that the 68000 microprocessor 45 
must operate, and is viewed from the perspective of the 
microprocessor 45. It communicates with the central 
controller 12A through the network link and sets regis 
ters inside the NLI 48 to select which time slots will be 
connected. The software also performs the queuing 
function of each channel by adding to it from the cen 
tral control and popping from it to the hadware section 
of the card. It monitors the status reports from the hard 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

14 
ward and either pops from the queue and/or reports the 
information up to the central controller 12A. The soft 
ware also interprets commands from the central con 
troller 12A and sets the correct codes to the sequencer 
50. It is also used during message recording to keep 
track of available space and pointer locations. During 
all uploads and down loads, the software also interprets 
the data and correctly parcels it out to the sequencer 50. 
The sequencer 50 accepts down loaded data from the 
68000 microprocessor 45 and stores it in a data RAM 
and the address pointer RAM 74, FIG. 5. The se 
quencer 50 also accepts commands and message num 
bers. The preferred form of the software is shown in the 
program listing and list of primatives and pseudocode of 
the preferred program attached hereto as Appendix A 
and hereby made a part of this application. 
The sequencer 50 automatically sequences through 

all 96 channels and fetches the message pointer number, 
points to the correct message, points to the correct data 
ram location and then outputs it to the corresponding 
NLI 48 within its channel timeslot. Since each NLI 48 
only supports 24 channels, the sequence 50 has to pro 
vide data sequentially to each NLI 48 until all 96 chan 
nels of data transfer is complete. 
The software scheduler is provided in EPROM 54 

(32K words) to handle communication between the 
microprocessor 45 and the NLI circuits 48. In addition 
to this EPROM scheduler, application software, mes 
sage data and PCM data must be down-line loaded at 
initialization time from the control complex into various 
on-board RAMs 56. The tables below identify different 
types of memory contents: 

1) The DAS software is loaded into the 64K words of 
static RAMs (organized in two banks of 32K words). 
This software involves executing a loop for task for 
assigning messages to all 96 channels and report the 
status of each channel to the processor. 

2) The PCM samples will be downloaded to the mes 
sage DRAM 58. Up to eight megabytes of memory, or 
sixteen minutes of messages, can be stored on this card. 
These PCM data include samples of the followings: 
The PCM samples for each of the call progression 

tones. 

The PCM samples for each of the DTMF/MF tone 
digits. 
The PCM samples for each of the voice messages. 
3) A file containing a concatenated form of all the 

messages destined for a particular DAS 10" will contain 
a header that contains the address of each message be 
ginning and ending. This is the file that will actually be 
down loaded during initialization to two sets of the dual 
port static RAM 52, FIG. 2. The first set corresponding 
to the message share memory 20A contains the address 
table for each message which include three sections of 
256 locations each for storing a start address, an end 
address and an active address of each message in 
DRAM 58. This memory section is organized as 24 bit 
wide data. The second set of dual port memory corre 
sponding to the command share memory 20B contains 
four sections of 96 memory locations. These four sec 
tions are used for 1) storing message to be processed, 2) 
processing type requested, 3) channel status report, 4) 
next message to be concatenated to the on process mes 
Sage. 
The preferred down load table for the DAS 10' is 

shown in FIG. 7. The microprocessor will perform a 
main function of keeping the sequencer 50 queued up 
and handling inbound and outbound mail via the net 
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work serial link. The flow diagram of FIG. 8 illustrates 
a simplified flow chart indicating the main routines 
required. The status of all 96 channels should be 
checked every thirteen milliseconds, popping a new 
message number to the ones which are ready. A second 
ary loop operates on the network serial control data, 
receiving the distributing mail as well as queueing and 
transmitting mail. 
The software must response to a nonmaskable in 

terupt generated by the NLI 48 as a form of watchdog 
timer to prevent a reset of the microprocessor 45. In 
addition, the interrupt from the NLI 48 to the micro 
processor 45 is used to alert the microprocessor 45 of an 
incoming command message from the control complex 
12A, and finally a ten msec interrupt provides a real 
time clock for the processor to process message and 
stay in synchronization with the rest of the system. 
The single byte codes of FIG. 9B are examples of 

instructions required to control the DAS 10". They are 
sent to the DAS 10' from the shelf controller 36 on the 
serial line and are received and interpreted by the mi 
croprocessor 45. The microprocessor 45 translates these 
functions into the proper subroutines necessary to con 
trol the sequencer 50 in the desired fashion. 

In addition, there are controls that help the card 
record announcements. FIG. 9C shows a minimum set 
of recording commands. They assume that the pointer 
controls are all being maintained on the central control 
ler 12A. Alternatively, more intelligent commands are 
given with the interpretation being performed on the 
DAS 10", itself. These higher level commands are play 
recording, rewind recording, stop, fast forward and 
record. 
The codes of FIG. 10A that the DAS 10' sends up the 

line to report certain status events. The statys report 
will contain an echo of the function being reported as 
well as the channel number reporting. A status code of 
successful or unsuccessful would follow, or if there is an 
up load, a number of bytes of PCM data would be con 
tained. Some other function codes that are sent are 
different than just echoing the function are shown in 
FIG. 10B. 
Referring to FIG. 12, the DAS 10" is divided into 

four main subsections plus the power supply: the 
Seq kernel 76, 68k-kernel 78, NLI kernel 80, and the 
power and clock section 82. The microprocessor 45 
performs intelligent queuing of messages and communi 
cating with the control system via the serial link. It 
controls the input to the sequencer section. 

Referring to FIG. 11A, the sequencer kernel 76 is 
designed to process the 96 channel messages and effi 
ciently interface with the microprocessor 45 and the 
NLI 48. The sequencer 50 receives a control message 
from the message dual port RAM 52 as a control code. 
The control code pertaining to each message channel is 
then processed by a control section 81 in the sequencer 
50. The 32 bit PROM-based state machine in the control 
section 81 generates a sequence of control signals to 
various hardware nodes for message processing. 

For each channel, the process involves updating the 
message pointer 82, checking for the message ending 
and conducting appropriate action for message concate 
nation. In parallel with this process, the message pointer 
addresses 82 the message memory DRAM 58 and de 
pending on the request, PCM data from the NLI 48 is 
written into memory (message recording) or transferred 
from memory to the NLI 48 (message sourcing). 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
Referring to FIG. 11B, the operational functions of 

the sequencer 50 and its relative time reference of differ 
ent tasks is illustrated. As seen, the first operation is an 
access to the message pointer RAM which points to the 
address pointer RAM. This, in turn, points to the on 
going message loction of the DRAM section 84, FIG. 
11A. The PCM data retrieved from this location is then 
written into the corresponding NLI 48. Because of this 
parallelism, all 96 channels can be accessed within 125 
milliseconds. 

Referring to FIG. 11C, the control section 81 consists 
of a set of PROMS 84 whose addresses are selected by 
a state counter 86. There is also an output consisting of 
the channel number for a counter 88. These two sigals 
each go to latches to be broadcast throughout the se 
quencer kernel 76. 
The messge pointer section 82 is a connection RAM 

for the sequencer kernel 76. It contains a list of what 
message numbers should be put out onto each of the 96 
channels. It also contains other handshaking registers 
for each channel that are used during normal operation. 
The dual port RAM 52 is used as the message pointer 

and is partitioned in four sections associated with 
latches 90, 92, 94 and 96 as shown in FIG. 11D. The 
first 96 locations in each section store the corresponding 
information for each channel. The processor 45 commu 
nicates with the sequencer 50 through this dual port 
memory 52. During normal operation, the processor 45 
periodically checks status of all 96 channels by reading 
and interpreting the data in the channel status section. If 
a new message is requested for a particular channel, the 
processor 45 writes that message number into the corre 
sponding channel in the next message section of latch 
94. Then, it also requests an appropriate action to that 
channel by setting up the abort code or sequencing code 
in the channel status section of latch 96. 
The sequencer 50 operates on the other side of the 

dual port RAM 52, constantly processing all the mes 
sages requested by the processor and reports all channel 
status and message errors to the processor. The next 
message section of latch 94 is normally accessed by the 
sequencer 50. But the processor 45 can also monitor the 
on going message for each channel in this section of the 
dual port RAM 52. 
The current message number is an address that points 

to the ADDR-POINT ram 83, FIG. 11A. The message 
number tells the address pointer 83 which of the mes 
sages has been selected for this channel. The next mes 
sage latch 94 is used to allow the sequencer 50 control 
the ability to move the next message number to the 
current message number when it is time to do so. 
The status latch 96 allows the sequencer 50 to store 

each channel status temporarily after each channel mes 
sage processing. The request latch 90 allows the se 
quencer 50 to store the requests made by the micro 
processor 45 for each channel processing. The contents 
of the two latches are combined and are written into the 
message control-report section of the dual port RAM 
52. The definition of the register contents shown in 
FIG. 6. 
The dual port RAM 52 is a 1KX8 device but its 

access is preferably partitioned to make it look like 
three separate devices to the sequencer 50 side by time 
multiplexing its access. Although the microprocessor 45 
can access any location at any time, it will only be writ 
ing new connections to the next message location asso 
ciated with latch 94, requests and checking status in the 
channel status location associated with latch 96. The 



5,127,004 
17 

sequencer 50, meanwhile, checks requests, obtains the 
current message and, if an abort request or an end of 
message is detected, move the next message to the cur 
rent message location. Also, it will report end of mes 
sage to the microprocessor 45 in the status location, if 5 
there is a request from the microprocessor 45. 

Referring also to FIG. 11E, the address pointer sec 
tion associated with latch 92 contains the 24 bit address 
for the location of the message stored in the message 
DRAM 58. There are three dual port RAMs which are 10 
made to look like one 24bit wide RAM to the sequencer 
50 side, whereas the microprocessor 45 accesses these 
dual port RAMs in two cycles (either 2 words, or 
word and 1 byte). 
The dual ported RAMs are partitioned to contain 15 

three sections as viewed from the sequencer 50; one is 
the beginning address section 98 for the given message. 
This is stored in locations 0 through 256 and corre 
sponds to that message number. An end address section 
100 similarly contains the ending address for the given 20 
message. Slightly different, the third segment 102 con 
tains the current address that a certain channel is point 
ing to. Thus, there are only 96 locations in this memory 
segment 102, and they are referenced by the channel 
counter rather than the message number like the first 25 
tWO. 
The dual port RAM 52 is accessed by the sequencer 

50 via time multiplexing to address all the segments it 
contains. First, the active address is moved to the A 
section of a comparator 104, the N+1 counter 106, and 30 
output to the DRAM section 52 for use. Next the end 
address section 100 is loaded into the comparator 104B 
side and they are compared. If they are equal a signal is 
given to the control side as well as telling the N-1 
counter 106 to load the begin address section 98. If they 35 
are not equal then the N-1 counter 106 is told instead 
to increment. Finally, the address in the N-1 counter 
106 is loaded back into the active address section 102. 
Thus, the active location will either be given an incre 
ment or reset to the beginning of the correct message. 40 
Referring to FIG. 11F, the DRAM 58 is accessed at 

most two times per 1.3 microsecond cycle and is com 
pletely controlled by the sequencer 50. Arbitration is 
handled by the fact that the sequencer maintains control 
of the DRAM 58 and allocates a certain time for the 45 
microprocessor 45 to access the DRAM 58. 
Normal operation, every 1.3 microsecond, the se 

quencer 50 accesses the DRAM 58 using the current 
address from the address pointer section 83, FIG. 11A, 
and the control signals from the control section 110, 50 
FIG. 11F. The sequencer 50 only accesses the DRAM 
58 in the first half of the 1.3 usec interval. The last half 
of the period is allocated for memory refreshing or 
microprocessor memory access. Every ten sequencer 
periods (13 microseconds), the refresh request will be 55 
asserted from the refresh timer circuitry. The memory 
refresh will be given higher priority than the micro 
processor access if both of them happen to request for 
memory access at the same. The arbitration circuitry 
will resolve this priority during the sequencer access 60 
period and allow the refresh cycle to start immediately 
after the access cycle of the sequencer 50. The micro 
processor 45 can then be delayed two and a half se 
quencer cycles or 3.4 usec at most (worst case) before it 
can access the memory. 
The sequencer control section 81 is run on a twelve 

Mhz clock, and uses sixteen phases per 1.3 microsecond 
cycle. The 80.1 nanosecond clock is referred to simply 
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as the clock. The sequencer controller section 81 first 
allows the sequencer 50 to access the DRAM 58. Then 
it releases the DRAM port to either the microprocessor 
or a refresh cycle, if it happens to occur. Since the 
refresh request only occurs at the end of every tenth 
channel frame (1.3 uSec per channel frame), the se 
quencer control section 108, FIG. 11F, will always 
sample for this refresh signal at the end of each frame as 
part of the sequencing routine. In normal operation, the 
microprocessor 45 is granted the DRAM access imme 
diately after the sequencer access. But if a refresh re 
quest signal is activated and recognized by the se 
quencer controller 110, FIG. 11F, it will be allowed to 
refresh the DRAM and put the microprocessor on hold. 
In this case, the microprocessor will be held on wait 
states until the refresh cycle completes, follows by an 
other sequencer access before it can complete its pend 
ing cycle. 
The sequencer controller is always active and trans 

fers data to the NLI 48, even when the data it is produc 
ing is nonsensical simply to provide a complete se 
quencer routine to all 96 channels. Even the nonsensical 
data does go to the NLI 48 but the netowrk shelf con 
troller 36, FIG. 3, only requests data on the assigned 
active channels on the NLI 48 and ignores the rest of 
the channels. 
The sequencer control provides the address strobe 

signal, and decodes the upper or lower bytes control 
signals to the DRAM controller 108, FIG. 11F. The 
address strobe is brought low one clock cycle after the 
address is available to the DRAM controller 108, initiat 
ing the read or write cycle. The DRAM controller 108 
automatically generates the row and column strobes to 
multiplex the addresses and present them to the 
DRAMs along with CAS signals. Three clock cycles 
after the address strobe is asserted, the data is assumed 
to be valid on the data bus, the sequencer 50 then gener 
ates a write clock signal to clock the data into the ap 
propriate NLI 48. One clock cycle after the write clock 
is activated, the address strobe is de-asserted which 
signals the dram controller to terminate the bus cycle. 
The sequencer access begins by enabling the output 

of the DRAM address latch 112, FIG. 11F. This con 
tains the next address to access, and was loaded up one 
clock cycle previously. One clock cycle later, which 
allows the address to set up in the DRAM controller 
108, the typical read/write cycle is performed. The 
read/write signal itself is supplied by read/write regis 
ters which tells the DRAM whether this is a write to 
the NLI 48 or a read from the NLI 48. 
The read/write function is set by the microprocessor 

45 as part of the instruction in the status RAM associ 
ated with the latch 96, FIG. 11D to program the se 
quencer per channel basis whether reading PCM data 
into memory or writing PCM data out from memory to 
the PCM bus. 

Because the microprocessor 45 writes the beginning 
and ending locations into the address RAM, a buffer is 
reserved for each message, whether reading or writing. 
Since the microprocessor 45 also specifies whether or 
not the hardware reprots when it is at the end of the 
buffer, during reading, the buffer can either be circular, 
and overwrite itself, or a one shot, after which the mi 
croprocessor 45 warns the user that his recording is 
truncated. The DRAM controllier 108 used in the DAS 
10' is preferably designed with discrete MSI devices to 
control up to eight megabytes of memory. The front 
end of this controller 108 preferably has a 3-way arbitra 
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tion circuit of multiplexing the access cycle between the 
sequencer, the microprocessor 45 and the memory re 
fresh cycles. This controller circuit is designed to oper 
ate in two different modes: the microprocessor control 
mode and the sequencer mode. 

In the microprocessor control mode, the processor 45 
first has to disable the sequencer 50 from the memory 
port completely by setting a logic “0” to the sequencer 
control bit (SQCON bit) of the control register. In this 
mode, the arbitration circuit is set to become a two way 
automatic arbitration between the microprocessor 45 
and the memory refresh circuitry. 

In the sequencer mode, the processor 45 has to enable 
the sequencer operation by setting a logic “1” to the 
sequencer control bit (SQCON bit) of the control regis 
ter. This operation would activate the three way arbi 
tration circuitry to accommodate the sequencer, the 
microprocessor and the memory refresh access cycles 
to the DRAMs. 
A refresh control signal is generated by the sequencer 

10 

15 

controller and occurs every ten channels frames (10 . 
microseconds). This refresh signal is generated at the 
end of a channel frame from the carry output of the 
state machine counter. At the beginning of the next 
cycle, the refresh is generated at the end of a channel 
frame from the carry output of the machine counter of 
the sequencer 50. At the beginning of the next cycle, the 
refresh request signal is recognized by the arbitration 
circuit and is allowed to take over the DRAM bus im 
mediately after the sequencer access. 
The refresh cycle is initiated by the sequencer con 

troller by asserting the RFSH-line, FIG. 11G. The 
DRAM controller uses a staggering CAS (Column 
Address Strobe) before RAS (Row Address Strobe) 
refresh scheme to accommodate for all four banks of 
memory within the last half of the 1.3 microsecond 
period, as illustrated in FIG. 11G. 

Still referring to FIG. 11G, after the RFSH-line is 
held low, the next synchronous clock edge of the con 
troller will generate RAS refresh cycle and the refresh 
counter addresses appear on the addresses of the 
DRAMs. The - RAS0 goes low first and one clock 
cycle later the RAS1 goes low. At the next clock 
cycle, as RASO goes back high, RAS2 starts to go low 
and so on. In other words, each RAS signal goes low 
sequentially, each one stays low for two clock cycles 
and throughout the refresh period results in only two 
strobes lines being asserted low at most. This refresh 
scheme is chosen to prevent high power surge if all 
eight megabytes of memory are refreshed simulta 
neously. 
The microprocessor access segment begins, normally 

right after a sequencer access if refresh request signal is 
not activated. At the beginning of an access cycle, the 
microprocessor address and control signals like AS, 
UDS, LDS are selected through a multiplexer. The 
upper three address lines of the processor are used to 
decode the four blocks of two megabytes of DRAMs. 
The AS is gated with the sequencer control signal 

to initiate the access cycle, and the data strobes are used 
to decode which byte of DRAMs is being accessed. As 
soon as the sequencer allows the microprocessor to 
access, the dram controller starts generating the appro 
priate control signals (such RAS and CAS), and in 
addition, a DTACK from the controller is generated. 
This DTACK signal is currently generated at one 
clock cycle after RAS goes low and goes high immedi 
ately with the AS at the end of the cycle. Right after 
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the microprocessor access cycle ends, the sequencer 
controller disables the microprocessor address and con 
trols latches, the arbitration circuitry then sets the prior- . 
ity for the next access to the sequencer. 
The microprocessor access control signals generated 

by the sequencer: 
a) Latch in the address to the 68000-Dram address 

latch 
b) Disable the Sequencer-DRAM address latch 
c) Enable the 68000-DRAM address latch 
d) Enable the 68000-DRAM control latch 
e) Enable the output of the 68000-DRAM data trans 

ceiver 
f) Enable the DTACK signal to the 68000 
The read/write signal also sets the direction of the 

microprocessor DRAM data receiver. 
During a PCM down load process in which mega 

bytes of data are to be transferred to DRAMs, the 68000 
has the option to terminate the sequencer access priority 
in order to fully access the DRAM. This option takes 
the sequencer access priority out of the arbitrabtion 
circuit; therefore, the processor and the refresh timer 
arbitrate between themselves. Even though the se 
quencer access to the drams is blocked, the sequencer 
controller logic still functions and cycles through its 
sequence. This DRAM lock feature is part of the con 
trol register and is under processor control. 
The microprocessor kernel consists of a communica 

tion interface with the four NLI circuits 48 on board, 
program memories, data memories, write protect mem 
ory and a control register for general control and main 
tenance. 
The functional memory map allocating different 

memories and interface devices with the microproces 
sor is shown in FIG. 13. This map also shows the device 
sizes and memory space allocated for each device. The 
physical device memory map as illustrated in FIG. 14, 
shows the actual limit of the microprocessor address 
decoder for EPROM 54, static rams and control regis 
ter in the microprocessor address space. These total of 
eight devices occupy the first megabyte of the micro 
processor address space at 128k bytes each. All memo 
ries and IO port address decode are contained in two 
address decoder PALs in this section. 
The microprocessor's program memory space con 

sists of permanent EPROM 54, and a static RAM 56, 
FIG. 2. The EPROM section contains the scheduler 
software which the microprocessor requires for estab 
lishing an intelligent down loading link with the central 
controller 12A via the Serial link. The RAM 56 con 
tains the actual application software for the card which 
is down loaded from the control. 
The EPROM memory is designated for supervisor 

exception vector table, program booting, mail transfer, 
handler with the NLI 48 and the scheduler software. 
This portion of memory will reside in two 32k x8 
EPROM's and occupy the first page on the 128K 
boundaries map as shown in FIG. 14. 
The microprocessor program RAM 56 is assigned to 

the next 128K bytes on the memory map. This particu 
lar memory contains the application program for the 
microprocessor to communicate with the NLI 48 and 
the sequencer for message processing. This RAM 56 is 
write-protectable in each 4K word boundary, so that 
software can be partitioned in either program or data 
memory in sixteen distinct blocks. If a write protect 
violations occurs, a bus error input signal to the micro 
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processor will be asserted to initiate a bus error cycle 
routine. 
All of these four static rams are fully decoded and 

organized in word size but can be accessed in either 
byte or word mode. The primary 32K words of static 
RAM 56 ranges from 02000OH to 02FFFFH in the 
memory map whereas the upper 32K words are op 
tional for future expansion and located from 030000H to 
03FFFFH. 
The dual port address table RAMS allow the proces 

sor to write new message addresses to replace unused 
message addresses on-line without interfering with the 
sequencer operation on the other port. This portion of 
memory is partitioned as three different dual port 
RAM's to contain the starting, ending and current mes 
sage addresses. 
These three memories are organized as 1KX24 bits 

wide. This organization allows the sequencer to bring 
out the whole 24 data lines with one read cycle. The 
processor has to perform two write cycles at two differ 
ent memory locations. The first write cycle is a word 
write at one memory location to the first two RAMS 
and the second one is a byte write to the third RAM at 
even locations and offset by --02000OH from the first 
word write. These three dual port RAMs occupy two 
pages of 128K of memory right above the program 
RAM and are labelled address dual port RAM low 
word (ADPL) and address dual port ram high byte 
(ASPH), respectively. The ADPL rams are organized 
in word size and can be accessed in both word and byte 
boundary whereas the ADPH rams is mapped into the 
odd byte of the memory map but can also be accessed in 
either word or byte mode but only the lower byte con 
tains valid data. 
The memory map of these three dual port RAMs for 

the address pointer tables are shown in FIG. 15. 
The microprocessor 45 communicates with the se 

quencer 50 through a set of four dual port RAMs 52. 
The microprocessor 45 has access from one side while 
the sequencer operates on the other side of these dual 
prot RAMs. 

Since the sequencer 50 only reads data out of the 
three address dual port RAMs 52, it should not present 
any contention with the processor access on the other 
port. If new message addresses need to be written into 
these RAMs 52, the processor 45 will first abort all 
channels from using that message and proceed with new 
message down load. When the new message is installed, 
the processor will then assign channels to that message 
if it is requested. 
The dual port control circuitry generates the appro 

priate control signals to the message pointer section and 
the address pointersection in the sequencer kernel 76. 
The microprocessor hardward interfaces to the dual 
port RAMs 52 using lower order byte format for the 
message pointer section and long word format for the 
address pointer section. The preferred memory map for 
the dual port RAM 52 is shown in FIG. 16. 

Port B and C of an 82C55 peripheral interface device 
are preferably used for setting protection to the 64K 
words static RAMs 56. At power up reset, all outputs of 
the two ports B and C are pulled down which disables 
access to the entire static RAM memories. The eight 
output bits of port B provides write protection to the 
first set of 32K words static ram address ranging from 
O2OOOOH to O2FFFFH, as seen in FIG. 17. Each bit 
protects a block of 4K words of memory. 
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The upper 32K words of static RAM expansion is 

write protected in the same manner using port C for 
address ranging from 030000H to 03FFFFH. Since the 
stack pointer and the main program will reside in RAM, 
the power up routine should include setting memory 
write protection through ports B and C of the 82C55 
before any attempt to access static ram memory. 

All these protection bits are combined with the pro 
cessor addresses in a PAL device (Write Protection 
PAL) to enable or disable the Ram selection during a 
RAM access cycle. When a write cycle attempts to 
access a protected memory location, the chip select to 
the RAM is not asserted. This will cause the bus cycle 
timer to time out, generate a bus error to inform the 
processor of the violation. 

Writing a “0” to port B or C will set the write protec 
tion for the corresponding memory locations and writ 
ing a “1” will disable it. FIG. 17 shows the address 
protection for each bit of port B and C of the 82C55. 
The four NLI’s 48 of the DAS 10' are fully decoded 

and memory mapped into the 68000 address range as 
shown in FIG. 19. Each NLI 48 contains thirty two 
registers and can be acessed in either word or byte 
mode. The eight bit data of the NLI 48 are connected to 
the lower byte of the processor data bus. 
As seen in FIG. 14, the PCM data for voice and tone 

messages are stored in DRAMs which start from ad 
dress 800000h thru FFFFFFh. To be compatible with 
the sequencer access, all DRAMs can only be accessed 
in bytye mode in continuous memory spectrum. Its 
memory map is shown in FIG. 19. All eight megabytes 
of DRAMs are organized in four banks of two mega 
bytes. 
The basic DAS will have two megabytes or eight 

megabytes of DRAM memory for PCM storage which 
provide up to four minutes of voice message and tones. 
An additional six megabytes of memory can be added in 
to the DAS 10" for a total of eight megabytes or sixteen 
minutes of tones/message storage. 
The processor 45 is reset by the power-on-reset 

(POR-) circuitry. The power-on-reset delay from the 
power supply will provide an active low reset signal of 
at least 100 ms after VCC reaches 5 V. This signal will 
drive both a reset and a halt inputs of the processor 45 
to assure proper start up mode. 

In normal operation, the serial links from the DAS 
10' are periodically polled by the NSC 36 to determine 
which link is active. If a link does not respond, the NSC 
36 will generate a soft reset on the DAS 10" through a 
nonmaskable interrupt (interrupt level 7). If again, no 
response is received by the NSC 36, it will generate a 
hard reset through POR circuitry to reset the whole 
card. The microprocessor can also be reset by the NSC 
if it fails to respond to a 10 millisecond interupt, or the 
interrupt generated by the NLI 48 itself. Whenever the 
reset line goes low, the status LED's will all light up to 
provide a visual diagnostic of card failure. The healthy 
circuit should be able to turn off the Red and Yellow 
LEDs to indicate normal operation during its start up 
initialization routine. 

Interrupt sources for the DAs 10' are identified as 
follows: 10 millisecond interrupt, NLI or communica 
tion interrupt and a non-maskable interrupt (or watch 
dog software reset). These interrupt signals are gener 
ated by the NLI 48 to provide communication hand 
shaking or diagnostic check on the processor status by 
the central controller 12A. Autovector interrupts are 
preferably used in the DAS 10' to accommodate all of 
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the above interrupt signals. The interrupt priority levels 
are preferably assigned as followed: 

an interrupt level 7 (NMI) is assigned to soft reset 
(watchdog timer), generated from the network link 
through the NLI 48. 
an interrupt level 5 is assigned to all four NLI 48 on 

the DAS 10". Upon interrupted by this level, the proces 
sor will poll all four status registers inside the four NLI 
48 to determine the interrupt source. All four interrupt 
lines from the NLI 48 are stored together to provide 
one single interrupt signal to the processor. 
an interrupt level two to four are unused. 
interrupt level one is assigned for the ten millisecond 

timer. As this timer runs out, an interrupt is generated. 
This interrupt is used for keeping track of real time on 
the DAS 10' and remaining in synchronization with the 
rest of the system. 

All seven sources are input to a priority encoder 
whose outputs are connected to an interrupt priority 
level inputs of the microprocessor 45. The function 
control outputs of the processor are decoded for the 
interrupt aknowledge signal and inputs it to a VAP pin 
of the processor 45 to initiate the exception process. 
The bus error is used to detect an attempt to access a 

write protected areas like the program RAM, EPROM 
or unused memory spaces. When this sitution occurs, 
the bus error signal is generated and input to a BERR 
pin of the processor. This BERR signal is also used to 
complete the on going bus cycle and initiate a bus error 
exception routine. 
The bus error signal can be disabled by asserting the 

BERR-disable bit in the control register. This would 
allow the processor to write to the protected memory 
without causing a bus error. However, the memory 
access timer is always active and could cause a bus error 
if an invalid memory cycle is detected even with the 
BERR disable bit asserted. 
Each external memory or I/O access of the processor 

requires an asynchronous DTACK signal to complete a 
cycle. The processor has to support four different types 
of device speeds: 200 ns for EPROMs, 120 ns for 
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RAMs, up to 1.3 us for DRAMs, and about 80 ns for 
I/O devices. 
The address strobe and address decode signals for all 

devices are combined in a PAL (DTACK generator 
PAL) to generate a DTACK signal to the processor. At 
the beginning of each processor cycle, a 6.4 microsec 
ond timer is cleared and counting up during the proces 
sor cycle. This 6.4 microseconds takes into account the 
worst case waiting period for the processor to access 
the DRAMs memory. If a DTACK signal is not avail 
able when the timer runs out, a bus is generated to 
indicate a faulty cycle. 
As a means of checking for faulty PCM in the 

DRAM 58, the processor 45 will provide background 
diagnostics by auditing messages in the DRAM 58. If 
errors occur, the software will require repeat of down 
load of that particular message or select the standby 
card to become the main card. 
The DAS 10" can support up to 96 channels of voice 

and tone, therefore requires a maximum of four NLIs. 
These four are memory mapped into the I/O space of 
the microprocessor 45 memory. The NLIs 48 communi 
cate with the microprocessor at an interrupt level 5. 

Data is transferred between the processor and the 
NLIs 48 through their internal FIFO's. It is possible for 
all four to interrupt the processor simultaneously. Upon 
receiving an interrupt from the NLI 45, the micro 
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processor 45 will read the status registers of these NLI 
circuits to determine which one is the interrupt source 
and reads data from its FIFO (currently 16 bytes deep). 
The status register of the interrupting device will be 
cleared and leave the other interrupts pending. Upon 
emptying the incoming data from the FIFO, the micro 
processor 45 then writes its outbound data to the trans 
mit FIFO for transmission to the network link. 
There are thirty-two internal registers inside the chip 

that can be accessed by the processor 45. The NLIs 48 
of the DAS 10' are hard wired in the DAS mode so that 
there is no need to initialize its operation mode during 
initialization process. However, the transmit and re 
ceive channels of the DAS should be stored in the 
EPROM 54 and should be used to set the four NLIs 48 
during initialization. The optimized set of channels 
group should be assigned to these four NLIs are: chan 
nel two for NLI #0, channel ten for NLI il, channel 
eighteen for NLI #2 and channel twenty-six for NLI 
#3. 
There are two versions of the DAS 10" contemplated. 

This standard DAS 10" is designed to interface the en 
tire card with the network serial link. The time channels 
inside the EPROM are written into the chip during 
initialization. With the above channel assignment, each 
time slot is 1.3 microseconds apart. Each channel data 
can be written into the chip asynchronously as long as 
all twenty-four channels are written during one time 
frame. Since the DAS 10" is designed for ninety-six 
channels, four NLIs 48 are needed and have to be time 
multiplexed with each other. The optimum time inter 
val between 96 channels is approximately 1.3 microsec 
onds. The detail timing for this mode is shown in FIG. 
20. 
The NLI 48 requires a 12 MHZ input clock to func 

tion. Three 12 MHZ PLL's are preferably used togen 
erate this required clock from the 3.308 MHZ clock 
coming out from this chip. This clock is buffered and 
also used for the processor clock and sequencer clock 
ing requirement. The NLIs interlace timing is shown in 
FIG. 21. 

Read/write timing from AS active to each device 
(min/nom/max), timer and clock specifications are 
shown in the FIG. 22. 
The four NLIs 48 require initialization in order to 

communicate with the companion ICs on the NSC 
cards. The basic initialization procedure consists of 
writing five bytes of data to each NLI according to 
FIG. 23. Each NLI has a unique data pattern for this 
particular address location i.e. the first data pattern goes 
to NLI-ICO, the second pattern goes to NLI-IC1, and so 
Ol. 

The above procedure allows all NLI-ICs to be initial 
ized and synchronized with the NSC links if they are 
available within 3 msec maximum. 
The 82C55 peripheral device should be initialized 

immediately at power up reset. At power up, this device 
are reset to inputs and all outputs are cleared. Address 
OE107 H of the 82C55 device is then initialized with 
data bytes 080 H to configure the 82C55 to a three 
eight-bit output control ports. FIG. 24 illustrates a sam 
ple initialization of the 82C55 peripheral device. 
Four PAL's are preferably used in the DEX cards. 

Two of them are for address decoders, two others for 
DTACK generator and memory write protection gen 
erator. 
The data at each PMOM location is shown in FIG. 

25. 
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The connectors pins PA 96 (TESTOUT) and PA 32 
(TESTIN or PBHALT) are reserved for system test. 
These signals are static logic signals. The duty cycle 
varies with the test clock. Pin JA33 to pin JA64 are 
transmit and receive serial links to and from the NLIs 
48. These back plane signals are pulse width modulated 
(PWM) signals from the NSC to the network termina 
tion cards and are in NRZ form from the network card 
to the NSC card direction. FIG. 26 shows the wave- 10 

26 
forms for these signals at positive differential drive 
outputs. 
The message DPRAM sequencer control signals, the 

address DPRAM sequencer control signals and the 
DRAM controller and NLI control signals are respec 
tively shown in FIGS. 27, 28, 29 and 30. 
While a detailed description has been provided, it 

should be appreciated that many variations may be 
made thereto without departing from the scope of the 
invention as defined in the appended claims. 
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DAS Prinitives - Detailed Level Design 
December 4, 1987 

1. Introduction 
Contained in this document is a description of the primitives required to access the hardware on the DAS card. This 
includes the 16 bit card control register and all of the tables which are accessed by the sequencer. These tables are 
at very specific places in the memory spectrum and are used to control the hardware sequencer which writes the 
PCM data samples to the NLIIC. 

LIST OFFIGURES 

Figure 1. Low Byte of the DAS Control Register 
Figure 2. High byte of the DAS Control Register 
Figure 3. Write Leds Primitive 
Figure 4. Lock/Unlock Write Protection Memory Primitive 
Figure 5. Enable/Disable Bus Error Primitive 
Figure 6. Enable/Disable Sequencer Primitive 
Figure 7. DRAM Lock Primitive 
Figure 8. Transmit Link Enable Primitive 
Figure 9. Read the DAS Control Register Primitive 

Figure 10. Memory Map for DAS 
Figure 1. Set Write Protection Primitive 
Figure i2. ReadWrite Protection Primitive 
Figure 3. Message Address Pointer Table Layout 
Figure 14. Adda Message Primitive 
Figure 15. Delete a Message Prinitive 
Figure 16. Channel Control Table Layout 
Figure 17. Channel Control Table Entry 
Figure 18. Channel Control Primitive 

Figure 19. Abort Message Primitive 
Figure 20. Set Next Message Primitive 
Figure 21. Set Transmit Mode Primitive 
Figure 22. Record? Piay Message Primitive 
Figure 23. Read channel status Primitive 

3. Glossary 
DAS 

Digital Audio Source 
NLC 

Network Link Interface ASIC 

4. Primitive Descriptions 
The primitives can be separated into two groups. One group consists of card eved control functions such as LED 
control, bus error disable, sequencer Cootrol, DRAM lock, write protect lock, and NL link enables. The second 
roup of primitives are wsed to control the sequencer and indodes functions such as add a message, delete a 
DeSage, record a message, abort a channel, write the next message number for a channel, check for error on a 
chanoel, and check for eod of message on a dhannel. This second group of functions manipulate tables in memory 
which are fixed in the address spectrum, due to the hardware sequencer, and thus need to be hidden from the 
application with primitive functions. 
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4. Card Control Register. Primitives 
Currently the card control register is write only, but will be changed to read/write before release to the test bed. 
Figure 1 and Figure 2 show the layout of the card control register. This register is at address Oeo100 bex in the 

With the following definitions: 
Yellow LED - controls the yellow LED on the card (active low) 
Green LED-controls the green LED on the card (active low) 
Red LED a controls the red LED on the card (active low) 
write protect lock - write protects the write protect ran z-Va--" 
bus error disable - disables bus error (active low) 
sequencer enable - turns the hardware sequencer on at v-u- Yaa’ 
DRAM lock - removes access to the DRAM from the M68000 side (active low) 

..Figure 1. Low Byte of the DAS Control Register 
D5 D8 

used mused unused unused used Tl23EN rest unused 
With the following definitions: 

TEST - this bit is reserved for test engineering 
23EN - enables the transmit link for NL 2 and 3,0s DISABLED 

Figure 2. High byte of the DAS Control Register 

4.1.1. Card Status LEDs 
The red, green, and yellow LED cootrol reside in the card control register bits 0 through 2. The function drs led 
will control these LED status indicators. 

4.1.1.1 das led 

Figure 3. Write Leds Primitive 

MODULE: das led 

INPUT: 
TYPE NAME 
int action r turn fight ON or OFF'? 
int led Nindicates which light'? 

OUTPUT: 
Note 

RETURN CODE: 

ret cde 

TYPE value conDrtION 
int SUCCESS operation was successful 

FAILURE operation failed 
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DESCRIPTION: This primitive will tum the card LEDs ON or OFF. 

PSEUDOCODE: 
validate led (YELLOW.REDGREEN) if invalid return FAILURE 
validate action (ON,OFF) if invalid return FAILURE. 
map action to the position required within the word based on led 
mask the result into card control register 
write the DAS control register 
return SUCCESS 

END 

4. Write protect Lock 

This bit allows the write protection memory to be locked to protect the protection memory from unauthorized writes 
and accesses. This lock has the same affect as the DRAM lock in which any access is inhibited and generates a bus 
error. The write protect memory is write protected when the bit is SET. When the card is powered up this bit is 
RESET, 

421 das well 

Figure 4. Lock/Unlock Write Protection Memory Primitive 

MODULE: das wel 

NPUT: 
TYPE NAME 
in action f LOOK or UNLOCK write protection memory / 

OUTPUT: 
Note 

RETURN CODE: 

Netcde 

TYPE VALUE CONDITION 
iot SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This prinitive will lodk and unlock the write protection memory. 

PSEUDOCODE: 
validate action (LOCKUNLOCK) if invalid return FAILURE 
nap action to the position required within the word 
mask the result into card control register 
write the DAS control register 
return SUCCESS 

END 

4.1.3 Bus Error Disable 
This bit will inhibit bus error when the bit is RESET. When the card is powered up this bit is RESET i.e. bus error 
is inhibited 

4.1.3.1 das berr 
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Figure 5. Enable/Disable Bus Error Primitive 

MODULE: das berr 

INPUT: 
TYPE NAME 
int action I ENABLE or DISABLE bus error / 

OUTPUT: 
None 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive will enable or disable bus error. Used by initialization, recovery, and diagnostics. 

PSEUDOCODE: w 

validate action (ENABLEDISABLE) if invalid return FAILURE 
map action to the position required within the word 
mask the result into card cootrol register 
write the DAS control register 
return SUCCESS 

END 

4.1.4 Sequencer Control 
The sequencer enable bit controls the hardware sequencer which writes/reads the PCM samples to/from the NLI IC. 
The sequencer is ENABLED when the bit is SET. when the card is powered up is DISABLED. 
4.1.4.1 das seg 

Figure 6. Enable/Disable Sequencer Primitive 

MODULE: das seq. 

INPUT: 
TYPE NAME 
int action FENABLE or DISABLE hardware sequencer / 

OUTPUT: 
Nooe 

RETURN CODE: 
ret cde 
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TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive will enable or disable the hardware sequencer. 

PSEUDOCODE: 
validate action (ENABLEDISABLE) if irrvalid return FAILURE 
map action to the position required within the word 
mask the result into card control register 
write the DAS control register 
retuSUCCESS 

END 

4.5 DRAM Lock 

This bit is used to inhibit accesses from the M68000 processor side to the 8MB of PCM sample memory. If the 
M68000 processor accesses this memory wben it is locked then a bus error will be generated. The M68000 is 
locked out wben this bit is RESET. When the card is powered up this bit is RESET. 
4.1-5.1 das dikk 

Figure 7. DRAM Lodk Primitive 

MODULE: das dck 

INPUT: 
TYPE NAME 
int action / LOCK or UNLOCK message RAM/ 

OUTPUT: 
Note 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive will iodic and unlock the message RAM. 

PSEUDOCODE: 
validate action (LOCKUNLOCK) if invalid return FAILURE 
map action to the position required within the word 
mask the result into card control register 
write the DAS control register 
return SUCCESS 

END 

4..6 Transmit Link Enable 

There will be two issues of the DAS card, one with two NLs and one with four NLs. Therefore this bit is SET 
when there are four NLIs on the card. The bit enables the transmit link for NL 2 and NLI 3. When be card is 
powered up this bit is RESET. 
4.1.6.1 das leo 
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Figure 8. Transmit LinkEnable Primitive 

MODULE: diastien 

NPUT: 
TYPE NAME 
lot action NENABLE or DISABLE transmit in NL23/ 

OUTPUT: 
None 

RETURN CODE: 

reuede 
TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive will enable or disable the transanit link for NL 2 and 3. This is card equipment 
specific and is determined by the equipment tables. 

PSEUDOCODE: 
validate action (ENABLEDISABLE) if invalid return FAILURE 
map action to the position required within the word 
mask the result into card control register 
write the DAS control register 
return SUCCESS 

END 

4.1.7 Read the Card Control Register 
This function will returt in a structure the state of all of the bits within the control register. 

4.1.7.1 das rd Ctrl 

Figure 9. Read the DAS Control Register Primitive 

MODULE: das_rdictd 

NPUT: 
TYPE NAME 
ptr ctrl per Nstructure of fields within control reg'? 

OUTPUT: 
Note 

RETURN CODE: 
None 

DESCRIPTION: This function reads the card control register and marks the structure passed in to refect the state of 
all fields. 
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PSEUDOCODE: 
read the card control register 
map the attributes into the structure 

END 

4.2. Write Protection 

Write protection is provided for the 32K words of program RAM. The write protection includes the PROM address 
spectrum and the gaps between the two banks of 16K words of memory. Figure 10 shows the memory spectrum 
and the areas that are write protectable. The write protection should be set up for the PROM and for the gaps. The 
advantage of setting up protection for the PROM and gaps is that for any writes to these areas an error (protection 
violation) will be returned on the bus cycle as opposed to waiting for the DTACK timeout which would eventually 
occur on the write to PROM or the memory gaps. The write protection memory consists of 256 locations with the 
protection granularity being 2k bytes. Of these 256 locations only 192 of them are active to provide write protection 
for the memory range 000000b to 05ffffh. Only the least significant bit of the write protection locations is used with 
the value of the other bits within the byte undetermined. The function das apm will set the write protection for the 
selected memory range. 

Figure 10. Memory Map for DAS 

4.2. Write Write Protection 

Figure 11 shows the primitive for writing the APM on the DAS card. Writing a zero to the write protection memory 
protects the corresponding block from any writes. 
4.2.1.1 das wit apm 
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Figure 11. Set Write Protection Primitive 

MODULE: diaswapm 

NPUT: 
TYPE NAME 
int beg addr I beginning ddress to protect?unprotect / 
int end addr I ending address to protect/unprotect to "/ 
it node N protect or unprotect mem range / 

OUTPUT: 
None 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This function set the requested protection for the selected ddress range. 

PSEUPOCODE: 
validate mode (PROTECTUNPROTECT) ifinvalid return FAILURE 
validate beg addr (Oh - 5ffffh) if invalid return FAILURE 
validate end addr (Oh - 5ffffh) if invalid return FAILURE 
begaddr must be less than eod addr if not then return FAILURE 
mask both addresses to a 2K byte granularity and shift to be 0 based 
wr_pro men ptre start of the write protect memory 
stripur a masked start address + wrt pro-memptr 
end ptrae masked end address + wrt pro memptr 
if PROTECT 
pro type = 0 

else 
pro type sel 
loop from striptir thruogh end ptr 
write protype to what striptrpoints to 
increment striptr 

end 
END 

4.22 ReadWrite protection 
The function das_rd apm is used to rend the protection of a particular memory location. The data read from the 
write protection memory is inverted ie. when a memory block is protected its protection win read zero. If it is 
desired to know the protection of a memory range then multiple calls to this function is required with the memory 
location incremented in 2K byte steps. 
4.2.2.1 das rd apse 

Figure 12. KeadWrite Protection Primitive 
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MODULE: dasrd apm 

INPUT: 
TYPE NAME 
int memloc / determine protection of this address / 

OUTPUT: 
Note 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION w 
int PROTECT/UNPROTECT protection type of the requested addr 

FAILURE operation failed 

DESCRIPTION: This function deterimes the protection type of the requested memory location. 

PSEUDOCODE: 
validate mentoc (Oh - 5ffffh) if invalid return FAILURE 
mask the address to a 2K byte granularity and shift to be 0 based 
read the APM using the masked address from above to iudex into the 
APM memory 

if PROTECT 
return PROTECT 

else 
return UNPROTECT 

end 
END 

4.3 Message Primitives 
The message primitives are used to manipulate the message pointers and message numbers. Figure 13 shows the 
layout of the message pointer tables. All three tables contain 24 bit pointers to messages within the message RAM. 
Notice that the low word and high byte of the 24 bit address tables reside in two different memory biods. Also 
pote that the high byte of the address is offset from the low word of the address by 20000 hex. The hardware 
sequencer requires that these tables reside at the indicated locations. 
Tbe "Active Address" table is used by the sequencer and points to the next PCM sample to access. There are 96 of 
these pointers allocated (one for each channel). This table is indexed by channel number and should never be 
accessed by the processor. The "End Address" table contains the end address of all messages which is indexed by 
the message number which has a range of 256 messages. The "Start Address" table contains the start address of all 
messages which is indexed by the message number which has a range of 256 messages. 

1040 

0200 

One 

Figure 13. Message Address Pointer Table Layout 

4.3. Add A Message 
This primitive will update the end address and start address tables with new addresses. The primitive would be 
called after a message is loaded into the message RAM and is available for use. 

4.3.1.1 das add mes 
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int anes oum Ninessage number 1 
iot straddr N starting address of message / 
int end addr Neod address of message 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This prinitive adds a new message to the message address pointer tables. 

PSEUDOCODE: 
validate mesnurn (-256) if invalid return FAILURE 
validate straddr (message RAM address) if invalid return FAILURE 
validate end addr (message RAM address) if invalid return FAILURE 
write the surt addr to the start address table offset by nesoon - 1 
write the end addr to the end address table offset by nes. Dum - 1 
retro SUCCESS 

END 

4.3.2. Delete a Message 
This primitive given a message number will delete the message by setting the start address to a one and the end 
address to zero. Setting the start and end addresses in this manner has the desirable effect of causing an error report 
for any channel using this invalid message. All messages that are not in use will be initialized in this manner. 

4.3.2.1 das delines 

Figure 15. Delete a Message Primitive 

MODULE: das delines 

INPUT: 
TYPE NAME 
int mes, nun N. message number'? 
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OUTPUT: 
Note 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 
DESCRIPTION: This primitive deletes the selected message by setting the start address to one and the end address 
to a zero. By doing this an error will be enerated if the message is used inadvertantly. 

PSEUDOCODE: 
validate mesoum (-256) if invalid return FAILURE 
write the start address table offset by mesortin - 1 to a one (1) 
write the end address table offset by mesoum - 1 to zero (0) 
rett SUCCESS 

END 

4.4 Channel Prinitives 
This group of primitives control the sequencer on a per channel basis. Figure 16 sbows the layout of the charnel 
control tables with each table cootaining 96 entries. The hardware sequencer requires that these tables reside at the 
locations shown. The "Active Message Number" table is written only by the sequencer except at initialization. The 
"Channel Control" table has three Cootrol bits per channel which have the functions of abort message, transmit mode 
(repeat or sequential), and record/play mode. Figure 17 shows the layout of ao entry in the channel control table. in 
addition to the three control bits there are 2 status bits within the control word, one which indicates an error and the 
second indicating the end of a message. The "Next Message Number" table contains the index (message number) to 
the message address pointer table (see Figure 13) of the next message to output on the channel 

O40 

Ofe 

Figure 16. Channel Control Table Layout 

D7 DO 
transmit record trused uoused troused 
mode ?play 

With the following definitions: 
transmit mode - O - repeat message mode, 1 sequential message mode 
abort request-place the next message number into active message number 

t 1 at record play. IFSEfired PCM sample from NLI IC to the message RAM (record) otherwise write 
PCM sample to the NL from the message RAM 
error-SET when detecting an active address greater than ending address 
EOM - end of message, SET when moving Dext message to active message 

Figure 17. Channel Control Table Entry 
4.4.1 Channel Control 

This primitive function requires all three atributes for a charoel. It allows the selection of multiple atributes which 
are required to occur at the same time. An example of this is to select abort a message and also put the channel in 
repeat mode. Another example is to select abort record, and sequential mode which is required to record a message. 
4.4.1.1 das chr ctrl 
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Figure 13. Channel Control Prinitive 

MODULE: das choctri 

NPUT: 
NAME 

chanoum I channel number to operate on "I 
tran node N transmit model 
rec_node I record/play model 
abrt mode Nabort message 1 

OUTPUT: 
Note 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This function will write the requested channel control byte with the parameters passed in. This 
function is used to select atributes which must occur together. 

PSEUDOCODE: 
validate chantum (1-96) if invalid return FAILURE 
validate tran mode (REPEATSEQUENTIAL) if invalid return FAILURE 
validate recnode (RECORDPLAY) if invalid return FAILURE aw 
validate abrmode (ABORTNOABORT) if invalid return FAILURE 
format trao mode, rec_mode and abrt node into the proper bit 
positions within the channel control byte 

write the cootrol byte to the channel control table offset by channum - 1 
return SUCCESS 

END 

4.42 Abort a Message 
The prinitive will abort the current message by writing the abort bit of the channel control table for the requested 
channel. This will cause the next message number entry for the channel to move to the current message number 
table and thus start the next message. If the aborted message consists of multiple message numbers and it is desired 
to stop the entire message then the set next message primitive must be called before calling abort message. 
4.4.2.1 das abrtunes 

Figure 19. Abort Message Primitive 
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MODULE: das abrmes 

INPUT: 
TYPE NAME 
int chanoum. / dhannel number 1 

OUTPUT: 
Nooe 

RETURN CODE: 

retcde 

TYPE WALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive aborts the current message on the selected channel by writing the channel control 
table abort bit. 

PSEUDOCODE: 
validate channurn (1-96) if imalid return FAILURE 
SET the abort bit in the channel control table offset by channum - 1 
return SUCCESS 

END 

4.4.3 Set Next Message 
This primitive updates the Dext message number for the selected channel. 
44.3.1 das utines 

Figure 20. Set Next Message Prinitive. 

MODULE: das not mes 

INPUT: 
TYPE NAME 
in chantum N' channel number/ 
int mes, nun N message number'? 

OUTPUT: 
None 

RETURN CODE: 

retcde 

YPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive writes the next message number to the next message table for the selected channel 

PSEUDOCODE: 
validate chanoum (1-96) if invalid return FAIL 
validate mesnum (1-256) if invalid return FAILURE 
write mesoum - 1 to next message table offset by chanium - 1 
return SUCCESS 

END 

4.4.4 Message Transmit Mode 
This primitive sets up the transmit mode for the selected channel. 
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4.4.4.1 dastmode 

Figure21. Set Transmit Mode Primitive 

MODULE: diastinode 

NPUT: 
TYPE NAME 
int action N function to perform I 
in chan on N chanoel Dunber/ 

OUTPUT: 
None 

RETURN CODE: 

ret cde 

TYPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive sets a channel to either a repeat or a sequential message mode. 

PSEUDOCODE: 
validate char Dum (1-96) if invalid return FAILURE 
if action REPEAT 
RESE. the transmit node bit in the channel control table offset 
by chanoum - 1 

else if action SEQUENTIAL 
SET the transmit node bit in the channel control table offset 
by channon - 

else 
return FAILURE 

rett SUCCESS 
Nd 

4.4.5 Set Record / Play Message 
This primitive is used to set up a channel to record or play a message. In the case of record a message the start and 
end address message pointers must be set up before setting the record bit. 
445.1 das reply 

Figure 22. Record /Play Message Primitive 

MODULE: das reciply 
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INPUT: 
TYPE NAME 
int action I function to perform 1 
int chanoum I channel number 1 

OUTPUT: 
None 

RETURN CODE: 

retcde 

YPE VALUE CONDITION 
int SUCCESS operation was successful 

FAILURE operation failed 

DESCRIPTION: This primitive sets a channel to either record or play message mode. 

PSEUDOCODE: 
validate chanoum (1-96) if invalid return FAILURE 
ifactions RECORD 
CLEAR the record/play bit in the channel control table offset by channum - 1 

else if action PLAY 
SET the record/play bit in the channel control table offset by chan_m - 1 

else 
return FAILURE 

rett SUCCESS 
END 

4.4.6 Channel Status 

bere are two status indicators in the channel status table for each channel. be first bit is an error bit which is set 
wbenever the active address is greater than the ending address. The otber status bit is SET when the end of a 
message is encountered. The primitive function dasrd chn stat will return the status of both bits wben called. 
44.1 dard chaptat 

MODULE: das_rd chastat 

r AME N 
channon N channel number 1 
chst pir n structure of fields within channed 

status entry table/ 

OUTPUT: 
None 

RETURN CODE: 
Note 

DESCRIPTION: This function reads the channel status table and marks the structure passed in to refect the state of 
a fields. 

PSEUDOCODE: - 
validate chann (1 -96) if invalid return FAILURE 
read the channel status table indexed by dhan run - 1 
nap the attributes into the structure 

ENO 
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write out of the message memory for each of said 
time slot channels and 

said command share memory includes means for tem 
porarily storing said processing status signals for 
each of said time slot channels for monitoring by 
said controller. 

6. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which 

said sequencer includes means for producing process 
ing status signals with respect to the status of the 
write out of the message memory for each of said 
time slot channels, and including 

a command share memory connected between the 
controller and the sequencer for conveying said 
processing status signals to the sequence. 

7. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
controller includes 
means for receiving PCM tones data from a higher 

order controller of the telephonic network, and 
means for controlling said message memory to store 

said received PCM tones data at selected ones of 
said addressable message memory locations. 

8. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
controller includes 
means for receiving commands from a higher level 

controller of the telephonic network, and 
means for conveying said commands to the sequencer 

for controlling the message memory. 
9. The telephonic tone and announcement message 

code generating apparatus of claim 8 in which said 
commands receiving means includes a serial interface 
circuit connected with a time slot interchanger of the 
telephonic network. 

10. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
controller includes 
means for receiving message write out status from the 

sequencer, and 
means for conveying said message write out status to 
a higher level controller of the telephonic network. 

11. The telephonic tone and announcement message 
code generating apparatus of claim 10 in which said 
message write out status conveying means includes a 
serial interface circuit connected with a timeslot inter 
changer of the telephonic network. 

12. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
sequencer comprises a hardware logic circuit exclu 
sively dedicated to executing commands sent by said 
controller. 

13. The telephonic tone and announcement message 
code generating apparatus of claim 1 including a com 
mand share memory for temporarily storing commands 
from the controller to the sequencer. 
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14. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
sequencer causes the plurality of selected ones of the 
identification codes for each of a plurality of time slot 
channels to be written out by the share memory incre 
mentally in succession during each one of a succession 
of cycles of said sequencer until the message has been 
completed. 

15. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
sequencer includes 
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means for monitoring for message ending points, and 
means responsive in part to said monitoring means for 

reporting a failure of message processing to said 
controller. 

16. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
sequencer includes means for periodically monitoring 
requests from the controller concerning the status of the 
share memory. 

17. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
sequencer includes means for updating tone requests. 

18. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
share memory includes a pair of memory devices each 
with dual input-output ports respectively connected 
with said controller and said sequencer for asynchro 
nous communication therewith. 

19. The telephonic tone and announcement message 
code generating apparatus of claim 18 in which one of 
said pair of memory devices contains the status of mes 
sage processing and commands from the controller at 
addresses of the channels to which tone and command 
requests are assigned. 

20. The telephonic tone and announcement message 
code generating apparatus of claim 18 including an 
arbitration logic circuit to resolve contension between 
the controller and sequencer in asynchronously access 
ing the share memory. 

21. The telephonic tone and announcement message 
code generating apparatus of claim 18 in which the 
other of said memory devices contains the addresses of 
the PCM incoded tone and announcement messages in 
the message memory addresses corresponding to said 
identification codes. 

22. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which 

said share memory has an address pointer table, and 
said message memory has PCM encoded tone and 
announcement messages stored therein at locations 
designated by the address pointer table. 

23. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
multichannel interface circuit is a serial interface with a 
time slot interchanger of the telephonic network. 

24. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which 

said multichannel interface circuit includes means for 
applying PCM encoded voice announcement mes 
sages from the telephonic network to the message 
memory, and 

said controller includes means for controlling said 
share memory in response to command signals 
from the telephonic network to record said PCM 
incoded voice announcement messages from any 
assigned channel at addresses selected by said share 
memory. 

25. The telephonic tone and announcement message 
code generating apparatus of claim 1 in which said 
controller includes means responsive to command sig 
nals from the telephonic network for up loading tone 
and announcement messages from the message memory 
to a central memory of the network. 

26. An apparatus for generating announcement mes 
sage codes for a telephonic switching network, com 
prising: 

a message memory for storing a plurality of PCM 
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encoded announcement messages at a plurality of 
addressable memory locations; 

a multichannel interface circuit for interconnecting 
said message memory with a plurality of channels 
of said telephonic network; and 5 

means for controlling said message memory to store a 
selected PCM encoded announcement received 
through said telephonic interface circuit from a 
selected channel of said telephonic switching net 
work at selected ones of said plurality of memory 10 
locations associated with the selected channel. 

27. The announcement message code apparatus of 
claim 26 in which said message controlling means in 
cludes 
means for storing addresses of the addressable mem- 15 
ory locations of said message memory at which the 
PCM encoded announcement from the selected 
channels of the telephonic network are received. 

28. The announcement code apparatus of claim 27 in 
which said address storing means includes 
a share memory for storing identification codes for 

said selected addresses, and 
said message controlling means includes a sequencer 

for causing said message memory to read in the 
PCM encoded messages from the selected tele- 25 
phonic panel at the memory addresses indicated by 
said identification codes. 

29. The announcement message code apparatus of 
claim 28 in which 

said message controlling means generates command 30 
signals to said sequence, and 

said sequencer is responsive to said controlling means 
for selectively causing said message memory to 
successively write out through the interface circuit 
a plurality of messages at said selected ones of the 
plurality of addressable memory locations for each 
said time slot channels in accordance with said 
command signals directing it to do so. 

30. An apparatus for generating tone message codes 
for a telephonic switching network, comprising: 

a local tone message memory for storing a plurality of 
PCM encoded tone messages at a plurality of ad 
dressable memory locations; 

a multichannel interface circuit for interconnecting 
said message memory with a central tone memory 
of said telephonic switching system; and 

means for controlling said tone message memory for 
downloading PCM encoded tone messages from 
said centro tone memory of the telephonic switch 
ing system at selected addressable memory loca- 50 
tions of said tone message memory. 

31. The tone message code generating apparatus of 
claim 30 in which said controlling means includes 

a controller for issuing command signals with respect 
to each to said time slot channels in response to a 55 
computer associated with said central tone mem 
ory of the telephonic switching network, and 

a sequencer responsive to said controller for selec 
tively causing said message memory to succes 
sively read in through the interface circuit the 60 
PCM encoded tone messages at selected ones of 
the plurality of addressable memory locations for 
each of said time slot channels. 

32. The tone message code generating apparatus of 
claim 31 in which said sequencer is responsive to said 65 
controller for selectively causing said message memory 
to write out through the interface circuit the PCM 
encoded tone messages down loaded to the message 
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memory from the central tone memory of the tele 
phonic network. 

33. The tone message code generating apparatus of 
claim 30 in which said controlling means includes a 
share memory for storage of the address of the plurality 
of addressable memory locations at which the down 
loaded PCM encoded tone messages are stored. 

34. A method of selectively providing PCM codes for 
a plurality of tones and announcements to a plurality of 
different time division multiplexing channels of a multi 
channel telephonic switching network having a central 
control computer, comprising the steps of: 

storing the message codes for the plurality of tones 
and announcements in a message memory at ad 
dressable memory locations therein; 

temporarily storing in a reprogrammable memory a 
representation of a sequence of addresses of Se 
lected ones of the addressable memory locations 
for each channel of said multichannel telephonic 
switching network in response to asynchronous 
command signals from said central control com 
puter, different command signals causing tempo 
rary storage of representations of different tones 
and announcements; and 

selectively, sequentially writing out the message 
codes at the addressable memory locations of said 
sequence of addresses to each of the channels of the 
telephonic network during a succession of time 
slots of said channels, respectively. 

35. The method of claim 34 in which said step of 
storing the message codes includes the step of down 
loading tone codes from a computer memory associated 
with the telephonic network into the message memory. 

36. The method of claim 34 in which said step of 
storing the message codes includes the steps of 

receiving announcement message codes from a se 
lected channel of the telephonic switching net 
work, and 

selectively causing said received announcement mes 
sage codes to be entered into storage at memory 
locations associated with said channel. 

37. The method of claim 34 in which said step of 
storing a sequence of addresses of selected ones of the 
addressable memory location includes the step of enter 
ing those addresses into a share memory at locations 
therein associated with said channel. 

38. The method of claim 34 in which the step of se 
quentially writing out the message code is performed in 
accordance with command signal received from the 
telephonic network by a microprocessor connected 
with the message memory. 

39. A method of generating a periodic tone signal for 
a telephonic switching network, comprising the steps 
of: 

storing in PCM code a plural number of cycles of a 
tone corresponding to a preselected time period of 
periodic tone generation of the periodic tone signal 
at a preselected periodic tone memory location of a 
memory; 

storing a plural number of PCM codes representative 
of substantially zero amplitude corresponding to a 
preselected time period of periodic silence of the 
periodic tone signal adjacent to the PCM codes of 
the plural number of cycles of tone of the prese 
lected periodic tone memory location, said PCM 
codes of plural cycles of tome together with the 
PCM codes of substantially zero amplitude form 
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ing at least one complete period of the periodic 
tone signal; and 

selectively reading the PCM codes of the periodic 
tone signal in response to a command signal from 
the telephonic switching network for producing an 
audible period tone signal. 

40. The periodic tone signal generating method of 
claim 39 including the step of storing the PCM codes 
and PCM codes of substantial zero amplitude of at least 10 
a full cycle of another periodic tone signal. 
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41. The periodic tone signal generating method of 

claim 39 including the steps of 
storing PCM codes of other sounds which are not 

periodic tone signals, and 
selectively reading the PCM codes of both the peri 

odic tone signal and the audible sounds which are 
not periodic tone signals by means of an identical 
method. 


